INTRODUCTION
Text in images contains meaningful and useful information which can be used to fully understand the contents of the images. Text extracted from images play an important role in document analysis, vehicle plate detection, video content analysis, document retrieval, blind and visually impaired users etc. A document image contains various information such as texts, pictures and graphics i.e., line-drawings and sketches. They are developed by scanning journals, historical document images, degraded document images, handwritten text images, printed document images, multi-color book covers and newspaper etc. There are many challenges which are faced in scanned documents that are low contrast, low resolution, color bleeding, complex background and unknown text color, size, position, orientation, layout etc. as shown in Fig. 1 . In case of multi-color document image, extraction of text is difficult and unreadable due to color mixing of foreground text with the background as shown in Fig. 2 . Even very good quality OCR system performs poorly during text extraction in case of problems such as low resolution, complex background, blurring, multiple layouts and stray marks or voids kind of images. Generally OCR works on clean background images.
Handwritten historical document collected from library and museums around the world also face many challenging problems in its analysis such as degraded images, low quality images, fluctuating and crossing text lines as shown in 
REVIEW OF TEXT EXTRACTION TECHNIQUES
A large number of techniques have been used for text extraction of document images. These are discussed as follows Seeri et al. [4] proposed an edge detection approach for Kannada text extraction. In pre-processing stage, input color image is converted to gray-scale image. This image is then filtered by using median filter to remove noise. Next, sobel edge detector is applied to extract strong edges and separate the background from the object. Edges are mapped to connect edges of same object. Order static filter is used to merge the neighbouring edges to form a single text region. Some of the non-text region is removed based on the structural property of the text i.e. specific height and width of the text. Finally, binary image is processed, labelled and text is extracted.
In 2011, Li et al. [5] proposed an effective interpolation-based resolution enhancement (RE) algorithm for low resolution document images. Firstly, low resolution (LR) image is obtained by multiple observations of same document with small camera motion between these documents. Image registration algorithm aligns many low resolution document images in a sequence. It generates geometric transformation parameters such as translation shifts and rotation angle. Then, Interpolation algorithm maps each LR image onto high resolution (HR) grid according to its geometrical transformation. Further, an iterative weighted average process is used to fill in holes of the interpolated HR image with their neighbourhood values. Finally, the reconstructed HR document is passed as input to OCR for character recognition. Zaravi et al. [6] proposed a method based on wavelet transform to extract text from colored book cover and journals. Firstly, wavelet transform decomposes the image into three detail sub-bands i.e. horizontal, vertical and diagonal. Next, edges were detected by using dynamic thresholding from these detail sub-bands. Region of interest (ROI) was applied to achieve binary image. Finally, text boxes were extracted with projection profile.
In 2010, Hoang et al. [7] proposed a text extraction method from graphical document images by applying morphological component analysis (MCA Firstly, MAP estimator gives a solution which maximizes aposteriori probability for a given gray-scale image. MRF shows that a conditional probability at a pixel depends only on the neighbouring pixels. Median filter functions as background estimator and it removes noise. After subtraction of median filtering image from gray-scale image, the degree of irregularity in the original image is calculated with text estimator. 
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Grover et al. [12] proposed edge based feature for detection of text embedded in complex colored document images. The complex colored image was converted into gray-scale image. Then edge detection was performed on the gray-scale image by convolving the image with sobel mask, separately for horizontal and vertical edges. Further, weak edges are removed with thresholding. After this, the edge image is divided into small non-overlapping blocks of pixels, where depends on image resolution. Then, block classification is done using pre-defined threshold which will distinguish text from the image. Audithan et al. [13] described an effective method for text extraction from document images using Haar discrete wavelet transform (DWT). 2D-Haar DWT detect all the horizontal, vertical and diagonal edges. The non-text edges are further removed by using thresholding technique. Then, morphological dilation operators are used to connect the text edges in each detail component. Further, logical AND operator are used to remove the remaining non-text regions.
Bukhari et al. [14] proposed a method for curled textline detection from gray-scale camera captured document images. The gray-scale textline was promoted by using multi-oriented multi-scale anisotropic Gaussian smoothing. Ridges were used for detection of curled textline region. This method is based on differential geometry, which used local direction of gradient and derivative to measure curvature. Hessian matrix is used for finding direction of gradient and derivative. This information helped in detection of ridges. For estimating Xline and baseline pairs from detected textline, modified coupled snake model was used. Boussellaa et al. [15] proposed an expectation maximization (EM) algorithm for text extraction from gray-scale and colored degraded document images on the basis of probabilistic models. Color document image was changed to YIQ color image and operated on Y luminance channel. The initial parameters like mean and standard deviation of EM algorithm are calculated by using kmeans clustering algorithm. After the parameter estimation, the document image is partitioned into text and background classes by means of maximum likelihood (ML) approach.
Shi et al. [16] suggested a method based on adaptive local connectivity map (ALCM) using steerable directional filter for extracting handwritten Arabic text. Firstly, steerable filter is applied to the document image and it is converted into ALCM. Next, adaptive thresholding is applied on ALCM to get binarized image which gives a rough estimate of text line location. Connected component analysis (CCA) is used for grouping the connected component into location mask for each text line. The text lines are extracted by superimposing the text line pattern in ALCM on the original document image as shown in Fig. 9 .
Sarkar et al. [17] described bottom-up approach of line segmentation from handwritten Bangla text. Firstly, the input document image is divided into number of squares ) n n (  pixels each. If there are more than 50% black pixels in a square, the square is totally filled with black pixels to achieve smoothing image. When a white square is surrounded by three or more black squares, it is also blackened to have better smoothing. Then, the height of each component of the smooth image is calculated with the help of Gaussian distribution. Further, a rectangular block is created with width and height and its total number of black pixels is counted. If this counted number is greater than number of previous position of the block, then the previous information is discarded. Otherwise, the previous position of block is taken as centreline or midline. This process is continued till the scanning of whole image is completed. Finally, text line is extracted by joining and linking of mid-lines.
In 2006, Qiao et al. [18] suggested a Gabor filter based method to extract text from document images. Firstly, the document image is passed through Gabor filter, the Gabor filtered image is processed and fused at different orientations and scales to extract text regions directly in the form of rectangle boundary. Text regions are quite rich in the middle and have high frequency component. Next, binarization operation is applied to eliminate some non-text region. Mending operation is performed to connect gap between small regions such as characters and words. Two parameters i.e. standard rate (SR) and high frequency content (HFC) are performed to make text region separable from non-text region. Lemaitre et al. [19] 
COMPARATIVE ANALYSIS
The detailed analysis of text extraction techniques used for document images is shown in Table 1 . Ha et al. [3] 2012 Digital filter using Haar wavelet, Non-maximum suppression technique.
Insensitive to shadow (or reflection), font size and layouts.
Document images
Mean rate (95.29%), Mean time (1.17 sec), variance (0.11) Seeri et al. [4] 2012 Median filter, sobel edge detector, connected component labelling, order static filter.
(1)Robust to font size, small orientation and alignment of text.
(2) Fails to extract very small characters. (3) Fails to identify the characters due to disjointness.
Kannada text images
Precision rate (84.21%), Recall rate (83.16%), Accuracy (75.77%) Li et al. [5] 2011 Interpolation-based resolution enhancement (RE) algorithm, Iterative weighted average method.
(1)Insensitive to font size. Zaravi et al. [6] Detect the circular nature of the script.
Telugu document images
Chaudhuri et al. [24] 2002 
CONCLUSION
In this paper, various text extraction techniques such as Adaptive Local Connectivity Map (ALCM), Expectation Maximization (EM), Maximum Likelihood (ML), Spiral Run Length Smearing Algorithm (SRLSA) etc. have been discussed. The performance comparison of these methods for document text extraction on the basis of accuracy, precision rate, recall rate, processing time has been done. It is observed that accuracy (98.53%) is best for hybrid (connected component (CC) and texture Analysis) approach and edge based text extraction techniques. Precision (96%) and recall rate (93%) is best in case of EM algorithm and ML segmentation method. Processing time (1.17 sec) is best in case of digital filter using Haar wavelet. For handwritten text document images, accuracy (99.5%) is best for ALCM and histogram projection based method.
